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ranges in winter and summer. Aged air masses, due to long-range transport and related to vehicular traffic 23 exhaust emissions accounted for 78% of the NMVOC variability in winter and 62% in summer, whereas 24 evaporative emissions, likely to be associated with fresh emissions from nearby sources, accounted for 12% 25 of the NMVOC variability and 24% in winter and summer, respectively. Such results have been confirmed 26 by a further analysis in which the NMVOC variability as a function of their atmospheric lifetimes has been 27 evaluated. The ratios of alkane isomers potentially provides a metric to investigate seasonal changes in 28
NMVOCs composition and in the emission fields of butanes and pentanes, suggesting that during the 29 summer the butanes are originating mainly from the European domain and that for pentanes non-30 anthropogenic sources may be contributing to the measured concentrations. Ambient air aliquots are sampled every two hours and each sample takes about 26 minutes to collect. The 137 sample analyses are bracketed by working standard analyses, in order to detect and correct for short-term 138 instrumental drift. These working standards are air samples that are pumped during relatively clean-139 background conditions into 35-l electro-polished stainless steel canisters (Essex Cryogenics, Missouri, USA) 140 using a modified oil-free compressor (SA-3 or SA-6Rix California, USA) up to ~60 bar. The working standards 141 are calibrated against a primary reference standard prepared by NPL (National Physical Laboratory, 142
Teddington, UK). The gas mixture contains thirty hydrocarbons with certified concentration around 4 ppb; 143 absolute concentrations are propagated to a lower concentration standard in air, that is used to calibrate 144 the working standard. The GC-MS system is fully automated via the Linux-based chromatography software 145 (GCWerks, www.gcwerks.com) adopted by the AGAGE programme. 146 CO is measured with a Gas Chromatograph (GC) equipped with a Flame Inonization Detecter (GC-FID). The 147 instrument has been running continuously since January 2008. Air samples are flushed continuously from 148 the main common inlet at the station through a 10 ml stainless steel sampling loop, mounted on a 10 way 149
ViciValco Valve configured for the loop sampling with backflush of the pre-column. Every 15 min, the valveM A N U S C R I P T
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6 is actuated to inject the air sample into the GC for the separation in the dual column system (2 x 3 feet 151 long, 1/8" OD columns packed with Mol. Sieve 5A -main column-and Unibeads 1S -precolumn) and 152 backflush of the undesired heavier compounds to vent; then the CO peak is diverted to the Hot Nickel 153 Since skewness and the magnitude of the variables can influence the resulting PCs, before using the PCA we 171 have applied a log transformation to the dataset. Then we have proceeded to data standardization so that 172 the variables have mean 0 and variance 1 (Guo et al., 2004) . 173
The multivariate method is achieved by orthogonal transformation with Varimax rotation and the retention 174 of principal components whose eigenvalues are greater than one. Only the principal components that 175 explained more than 5% of total variance of the data set were used as factors. 176
Finally in this study, a listwise technique (Widaman, 2006 ) was adopted to handle missing data. Values 177 below the quantification limit (LOQ) are not present in our record and the missing data are due to 178 instrument failures, troubles to the sampling facility at the station (including local contamination) or 179 instrument maintenance (including calibrations, comparisons, round robins). We adopted Kaiser's criteria to determine the appropriate number of components (i.e. only factors with 212 eigenvalues ≥ 1 were retained). The statistical results for the winter (DJF) and summer (JJA) seasons are 213 shown in Table 2 , where only compounds with factor loadings ≥ 0.50 are reported. 214
After applying the PCA to the wintertime data, two components were extracted. The first factor (WF1) 215 explained 78% of the total variance and the second factor (WF2) accounted for 12%. Ethyne, propane, 216 butanes and benzene are represented especially in WF1. Toluene and pentanes are related to both factors 217 while ethyl-benzene and xylenes contribute mostly to WF2. 218 219 Factor WF2: short-lived species are dominant in factor WF2. High factor loadings were found for toluene, 245 ethyl-benzene, xylenes (TEXs) and pentanes. The low factor loading for CO suggests that this factor is not 246 related to combustive aged air masses, but might be associated with fresher emissions. Since TEXs are 247 mainly used as solvents in the paint industry, species in WF2 could be associated to industrial solvent 248 evaporation. The lower factor loading of pentanes, known to be tracers of gasoline evaporation, suggests 249 that gasoline evaporation is contributing to WF2 but to a lesser extent. 250
For the summer data, the PCA identifies three components: SF1, accounting for 62% of total variance and 251 SF2 and SF3 explaining 16 and 8% of the total variance, respectively. 252
Factor SF1: High factor loadings were observed for CO, propane, ethyne and benzene, which are the least 253 reactive compounds, suggesting that this factor describes, as for factor WF1, air masses that underwent 254 long-range transport. 255
Factors SF2 and SF3: these factors are not correlated with CO and are representative of emissions from 256 medium-range transport and local sources. Pentanes, hexane and butanes, related to fuel evaporation, are 257 the main components of SF2. The solvents ethyl-benzene and xylenes are strongly related to SF3. 258
In conclusion, this analysis suggests a characterisation of the contribution at CMN of NMVOC source 259 categories, highlighting season-specific patterns: in wintertime the NMVOC variance is mainly due to long-260 range transport, with WF1 factor accounting for the 78% of total variance, the homologous summer factor 261 SF1 contribution decreases to 62%. order to evaluate the role of transport and photochemistry we analysed the butane and pentane isomers 309 ratios and compared our results with previous studies, identifying different behaviours in polluted and 310 clean conditions. 311
In Figure 3 the butane and pentane isomer ratio plots are reported. The i-/n-butane scatter plot (Fig 3a) the winter season, the i-butane/n-butane ratios are quite independent from n-butane mole fractions 323 indicating a not significant impact of photochemical processing on the i-/n-butane ratio. During 324 summertime we observe a general increase of this ratio and related variability, with the standard deviation 325 σ going from 0.05 in winter to 0.16 in summer. This can be can be explained by OH chemistry: if the 326 evolution of i-/n-butane ratio is driven by OH oxidation, as the transport time increases a rise in i-/n-butane 327 ratio would be expected, due to the lower n-butane OH reaction rate constant (2. 
where (i-but/n-but) source is the average i-/n-butane winter ratio, (i-but/n-but) receptor is the instantaneous i-/n-338 butane ratio at the receptor. k OH is the OH reaction constant and [OH] is the hydroxyl radical concentration. 339
In Figure 4 is reported the normalised Probability Density Function (PDF) of the transport time t, from the 340 source to the receptor, for the i-/n-butane summer ratio. Therefore, other sources should be considered. Figure 5 reports how n-/i-pentane ratios significantly 388 depend on seasonality and on wind sectors. Enhanced n-/i-pentane ratios (≥ 1.5), occurring mainly during 389 the summer and completely absent during the winter, appear to be preferentially linked to the transport of 390 air masses from South Western sectors. This evidence supports the hypothesis that the variation in the n-/i-391 pentane ratio could be due to the influence of non-anthropogenic sources, such as biomass burning 392 and oceanic sources that preferentially emit n-pentane (Helmig et al., 2008; 2014) . The influence of fires 393 occurring in the Mediterranean basin during the warm season on the atmospheric composition at CMN has 394 been reported by Cristofanelli et al. (2013) . In addition, this behaviour characterised by high n-pentane/i-395 pentane ration is not found in the other GAW mountain sites. 396 397 398 NMVOC speciation profile is site-specific and so is its impact on air quality and climate Vehicular traffic exhaust emissions are the prevailing source category in our study area Different seasonal patterns are observed corresponding to different transport ranges
